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A GERANIUM growing in my garden, apparently the Common Meadow Crane’s-bill 
(G. pa tense ) ,  has borne during the past autumn very numerous abnormal flowers. 
Many of these exhibited the stamens in various degrees of retrogression, from tolerably 
perfect, anther-bearing, to  petaloid and anantherous forms. I examined some of the 
flowers while they were fresh, and sketched a curious form of anther which they pre- 
sented, but did not until late in the season (September) undertake a more complete 
examination of a larger series ; and then, unfortunately, the remaining ones were withered 
and decaying. However, I was still able t o  make several drawings, exhibiting different 
stages in the development of polliniferous lobes, and I now have the honour to lay some 
of these before the Society. I am induced to this because these imperfect anthers seem 
to me to afford some additional evidence upon an obscure point in the morphology of the 
stamina1 leaf, especially interesting, being derived from an order seldom presenting gra- 
duated series between the floral whorls, and also one in which the anthers are, normally, 
versatile”. 

I am not awarc that any clear view has been as yet generally accepted as to the mor- 
phological import of the sutures or lines of dehiscence of the anther-cells. I may be 
wrong in supposing the matter to be yet imperfectly understood; but, at any rate, the 
explanation of the structure of the anther, as given in the text-books on morphology 
which I have seen, appears to me to be unsatisfactory, and I do not recollect to have met 
with any evidence bearing upon the point derived from teratological facts, further than 
that furnished by H. v. Mohl in his important essay, “ Beobachtungen uber die Um- 
wandlung von Antheren in Carpelle” t, published in 1836 ; and by Neumann, ‘‘ Ueber 
Anther* antics und posticze, und deren Uebergange in einander”$. M, &is, in 
6 Annales des Sciences’s, describes and figures imperfect stamens from the ‘‘ Rose verte” 
which correspond very nearly indeed with those which I found in the Gerunium ; but 
he does not enter upon the question of their morphological bearing further than merely 
to point out the confirmation which they afford to the opinion entertained by botanists, 

* Mr. Masters, in his paper on Prolification (Linn. Trans. xxiii. 359), does not include Geraniaces among the 
I n  many of the flowers of this Geranium the  axis was pro- 

The abnormal 

j- Bot. Zeit. 1836, pp. 513, 529, 545 ; Vermisch. Schrift. p. 28, and tab. i. ; also a translation in Ann. Sc. Nat. 

3 ’  Bot. Zeit. 1854, p. 353. 

orders in which median prolification has been observed. 
longed beyond the three outer whorls of the flower, bearing, a t  a short interval, a second flower. 
stamens which I describe were formed, I believe, in both the outer and inner flower. 

sir. 2 .  viii. p. 50. 
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that the anther results from a metamorphosis of the lamina of the leaf”. From the 
examination of a transverse section of the form of anther generally prevailing in flower- 
ing plants, in its young state and prior to  the absorption of the vertical septa which pass 
from the connective through each lobe, thus rendering it four-celled, it may reasonably 
be supposed that the margins of these septa, answering to the longitudinal sutures and 
lines of dehiscence of the anther, correspond likewise with the margins of the lamina of 
the stamen-leaf-the septa, however, being plates of untransformed tissue of uncertain 
homology. The opinion that the sutures of the anther correspond to the margins of the 
leaf, and that the pollen-cavities, separated by the septa of unchanged tissue, originate 
in its parenchyma, was advanced, according to Von Mohl, by Gassinif ; and the same view 
has been maintained by Roeper I, Schlechtendal$, Grisebach, and others. Among 
botanists holding this opinion, who have recently expressed themselves definitely upon 
the subject, I find Prof. Grisebach, in his “Grundriss d. syst. Botanik”I1, says, “The 
layers of the anther in which the pollen is formed answer to the four parenchym-layers 
of a leaf, in which the midrib and the vascular bundles correspond, in respect to their 
situation, to the parenchymatous septa in the anther between the pollen-originating 
layers.” A transverse 
section of the forming anther shows four places in which the transformation of the 
parenchyma into pollen commences, which answer to the centre of the four divisions of 
the parenchyma of a’leaf,-vie., the two sides of the blade, distinguished into its upper 
and lower stratum. So that the anther is primarily and typically four-celled,-each lobe 
being divided by a portion of untransformed tissue, stretching from the connective to  the 
opposite side, which corresponds to  the margin of the leaf and the line of dehiscence.” 
And further, ‘‘ Viewed morphologically, therefore, the filament answers to the petiole of 
a leaf, the anther to the blade ; the connective represents the midrib, the lobes or cells of 
the anther represent the two symmetrical halves of the blade, and the line of dehiscence 
is normally along the margins of the transformed leaf.” Dr. Lindley, in ‘ Introduction 
to Botany **,’ says, ‘‘ The line of dehiscence in ordinary circumstances is the margin of 
the modified leaf.” Neumann, in the paper before referred to, upon anticous and pos- 
ticous anthers, expresses the opinion very decidedly that the anterior and posterior 
cells of each anther-lobe correspond to  opposed strata of the metamorphosed leaf, and 
that the suture answers to  its margin. Somewhat different from the foregoing is the 
theory of Bischoff ff. He maintained that the suture of the anther does not correspond 
to  the leaf-margin ; that the loculaments develope upon its superior surface, within the 

Dr. Asa Gray, in his ‘ Introduction to Botany ’ (1858)7, says, 

* H e  says, referring to these monstrous stamens, “Cependant ces anthkres, . . . . n’ont pas en g6ne’ral la 
structure anatomique propre 3r. ce systBme d’organes. Ainsi le plus souvent les renflements ne prbentent pas des 
points oh la couche fibrense interrompue pourrait permettre la libre sortie dii pollen. Cependant on voit dans la 
figure . . . . que la couche fibreuse trBs-amincie en a [this refers to a cross-section of one of the anthers, showing a 
thinning at the collateral junction of the lobes] semble inviter la lobe s’ouvrir.” Somewhat similar abnormal 
anthers from the Rose are figured by Haspail (Me‘m. SOC. d’Hist. Nat. Paris, iii. tab. 2, 454).  

f- Opus. Phytol. ii. p. 55 1. 2 Enum. Euphorb. p. 44.  
Linnaea, i. (1826), p. 602. I n  “Obs. on Monstrosity of a Garden-Tulip.” 

I /  (1854), p. 40. 7 Pp. 284-5. 
‘<* Ed. 4.  i. p. 349. tf Lehrbuch, i. 331. 
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margin, upon each side of the median nervure, as is well shown, in stages intermediate 
between the stamens and petals, in Atrugem aZpincc (taf. xiii. 316 B.). Upon each of 
the two lobes of thickened parenchyma a longitudinal suture is found, which answers to  
their line of dehiscence. That this line does not correspond to the leaf-margin he further 
endeavours to show from a monstrous flower of CoZchiczcm (p. 336, taf. xiii. 319). Trevi- 
ranus * considers Bischoff’s modification required to suit Cassini’s theory to nature. He 
concludes his observations on anther-morphology, however, thus :-<‘ Dass jedoch dieses 
nicht als allgemeines Bildungsgesetz aufgestellt werden konne, zeigt e. B. Paris, wo au- 
genscheinlich der Pollensack durcli den Rand des zu eiiiem Triiger verschmiilerten Blu- 
menblattes, und die beiden Klappen von den beiden Oberflachen desselben gebildet werden.” 
With regard to  Puris, vide infrh, p. 427. H. v. Mohl’s paper, referred to above, contains 
an excellent exposition of the state of the question of anther morphology. The cases 
which he especially refers to of metamorphosis of stamens into carpels-the anther- 
sutures becoming ovuliferous-do not, as he himself observes, afford conclusive evidence 
in favour either of the theory of Cassini or that of Bischoff. The circumstances alluded 
to by Roeper, of the red colour of the leaf-margin of certain Euphorbiaces being found 
again in the anther-suture, and the presence of cilia on edges of leaves and on the lines 
of suture in the anther, Von Mohl admits to be very important, if not decisive, evidence 
that the latter answer to the leaf-margins in some cases; while, on the other hand, 
transitional forms presented by the Rose, as cited by Bischoff, by the Poppy, and Nigella 
danzascelza, incontestably show that the anther-cells in these plants do not originate 
opposite to  each other in the leaf-parenchyma on each side of the midrib of the leaf, but 
at  distinct points on the face of the lamina-the anterior cells nearer to the median 
line, the posterior to  the margin. I n  N. damascena, described by Von Mohl, the ante- 
rior cells are parallel to the midvein, the posterior and marginal cells having their 
lower extremities contiguous to them, while their upper ends are remote. H. von 
Mohl does not commit himself exclusively to either view of anther-structure in this 
essay. 

Mr. Bentham has kindly called my attention to the observations upon the homology of 
the anther-cells contained in a review of Dr. A. Gray’s ‘‘ Genera of the Plants of the United 
States” t. The reviewer considers that the anthers are homologous with the ‘glands’ which 
frequently occur at  the top of the petiole, or near the base of the limb, in several genera 
of Dicotyledons, remote in the order of their natural affinity. He says, “ I n  the leaves 
forming the alzdrcecium a partial return to the system of stem-leaves takes place, inas- 
much as the filament is entirely reduced to the vascular system, its glands are converted 
into anthers, and the cellular parenchyma is only occasionally represented in an expanded 
connectivum, or slight membranous expansion of the filament.” I have not made the 
minute structure of these curious appendages my study ; I have merely inspected them 
with a lens in EZaococca, AZearites, and allied genera of Euphorbiaceae, and in Pithecolo- 
bium. I must acknowledge, however, that I am unable to view the question of their 
homology in the same light with the reviewer, whose theory appears to rest upon a 
curious analogy in respect chiefly to the position of these glands and anther-lobes, rela- 

* Phys. d. Gewachse, i. p. 277. t Kew Misc. vol. i. (1849), p. 359. 
3 3% 2 



426 PROF. OLIVER ON THE STRUCTURE OF THE ANTHER. 

tive respectively to  the petiole or the filament. A consideration of the transitional organs 
between petals and stamens normally occurring in some plants, as well as in double or 
abnormal flowers, as, e.g., in the subject of the present paper, compels me to regard the 
anther as a metamorphosed lamina ; while, further, the pollen is undoubtedly an altered 
condition of the internal cellular tissue of the leaf, not an external production. I am 
ignorant of the true nature of these remarkable petiolar “ glands,” which deserve complete 
examination. A comparison of some of the above Euphorbiaceous plants suggests the 
possibility that they indicate, in their case, rudimentary lateral veins, and a tendency in 
the leaf to become peltate. The opinion that the anther-cells are a formation distinct 
from lamina or petiole was also held by Link”. After referring to the views of Cassini 
and Bischoff, he says, ‘( Equidem hasce explicationes nimis hypotheticas et fere mecha- 
nicas dixerim. Ubi petalum e stamine oritur, lamina petaloidea e filament0 excrescit, 
connecticulum dilatatur et extenuatur, anthem vero ad latus removetur, ubi diminuitur, 
donec pereat. Nova igitur est formatio anthem, loco folii aut potius loco laminae folii 
enatae, qua  cum folii structura interna vix aliquid commune habet.” 

As confirmatory of the theory of Bischoff, that the sutural lines of the anther do not 
coincide morphologically with the margin of the leaf, I consider the evidence afforded by 
the abnormal stamens of this Geranium. The accompanying outline sketches show 
transitional forms, from a petaloid lamina slightly thickened at its upper edges only 
(through a series bearing, besides marginal thickenings, a pair of oblong, more or less 
thickened masses of parenchyma at each side of the midvein of the leaf, and considerably 
within its edge), to tolerably perfect stamens with longitudinally lobed anther-cells. 
And, further, examination of these intermediat.e forms, I think, clearly shows that the 
sutures of the anther answer to the lines of junction of the outer und inner thickened 
portions of the lamina on either side of the midrib, and that the septa of (‘ untransformed 
tissue ” may be regarded morphologically as resulting, in part at least, from the inflected 
epiderms of the adjacent anther-cells. A transverse section of one of the thickened and 
distinct masses of these abnormal anthers exhibits no median plate of tissue dividing the 
pollen-parenchyma into anterior and posterior portions, as might, on Cassini and Roeper’s 
view of anther-structure, have been expected. Although it is true that in foliage-leaves 
it is usual to find the cells of parenchyma t?wards the upper surface closely packed and 
often elongated perpendicularly to it, while those of the lower layers are irregular in form 
and traversed by intercellular passages, yet there can hardly be said to be a clear diffe- 
rentiation of two layers of tissue, or of an intermediate third layer separating these, to 
which the septum extending from the connective to the longitudinal furrows on each 
side of the anther might homologically be referred. On the view which the examination of 
these imperfect stamens would tend to lead us to adopt of anther-structure, I conceive that 
many of the less usual forms are more readily explicable than on that commonly received. 
The anthers of Lauraceae, for example, often present the simple condition normally of 
four lobes-two superior, two inferior-approaching some of the forms figured from the 
Geranium. AS in this order the thickened pollen-cells are not laterally approximated, 
there is no collateral junction or ‘( suture ” which may offer a line of dehiscence, as in the 

* Elcmenta Phil. Bot. 1837, ii. p. 185. 
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usual form of anther, and we find that an exceptional mode of dehiscencc, by valves 
opening from below, characterizes the order". With regard to  Puris, referred to by 
Treviranus (suprd, p. 425), I have examined several species (P. quudrfoliu, P. hexupliyllu, 
P. obovuta, P. incompletu, and P. polyphylluf)  ; and I certainly cannot agree with the 
opinion expressed by him, that the valves of each anther-cell answer to uppcr 2nd 
lower surfaces of the leaf. The dehiscence is, it is true, apparently almost quite mar- 
ginal, while in Trillidiz6m Goveniunum it is distinctly extrorse ; but here I find no diffi- 
culty further than may be explained by a slight dilatation of the inner face of the con- 
nective, or by the development of the lobes answering morphologically to the inner pair of 
thickenings of parenchyma upon the outer, or lower, face of the metamorphosed lamina, 
instead of upon the inner or upper surface. I n  Smilax it would seem probable that the 
anther-cells originate from but two thickenings of parenchyma, one on each side of the 
midrib of the stamen-leaf. Dehiscence is along this median line, on the face of the anther 
(tide P1. XLIV. fig. 18). I consider, indeed, the structure of the anthers in P u ~ i s  to  be 
as easily explicable as in Gerunium itself; in fact, the anthers in the latter present, from 
their versatile attachment and inconspicuous connective, the more specialized structure 
of the two. And it is from this circumstance especially that I think the evidence which 
they afford on the question of anther-morphology to be important, since in Pupuve?., 
Nymphm, and some other genera, in which the anther-cells have been observed to originate 
upon the upper surface of a petaloid lamina, the anthers are innate or adnate, and the 
connective sometimes quite conspicuous. And further, as Neumann (I. c., p. 358) re- 
marks, the anther-sutures of Gerunium present the dark line which Roeper noted in some 
Euphorbiacea, and which he considered to be confirmatory of his view, that the suture 
corresponded to the leaf-margin. Robert Brown, in his paper on Raflesia*,, in discuss- 
ing the structure of anthers generally, says, in a note, " .  . . . the principal point in which 
the anthers and ovaria agree consists in their essential parts (namely, the pollen and 
ovula) being produced in the margins of the modified leaf." But though the exterior, 
or upper, anther-lobes originate as thickenings of the parenchyma, parallel and coinci- 
dent, or nearly so, with the margin of the leaf, the inner and lower lobes have no such 
necessary marginal relation. With regard to the origin of anthers from portions of tissue 
morphologically corresponding to  the outer lobes only, or inner lobes only, of the anther- 

* I t  is true that the upper pair of anther-cells (in Cinnamomum at  least) have their bases slightly included between 
the upper points of the lower cells, and that the portions of the stamen-leaf thickened, in their case, cannot precisely 
correspond in position with those prevailing in the abnormal forms which I figure ; but this I believe to be quite unim- 
portant. I n  Berberidese (Berheris, Epimedium, Leontice, Bongardia), besides dehiscence along the line of junction 
of the posterior and anterior lobes, the walls of the former separate round their base and, dorsally, along each side 
the connective. The chambered anthers of 
Piscum, Bgiceras,  and some species of Rhizophora, the pore-dehiscence of several groups, distractile, appendaged, and 
" one-celled" anthers, the anthers of Conifere and Cycadee, do not offer for explanation greater difficulties on this 
theory than on that of Cassini, Roeper, and others; indeed some, I think, are clearly more easily explicable on this view. 

In P .  
hexaphylla I have seen it scarcely perceptible, excepting towards the extremities of the lobes ; but this was in a dried 
specimen. I n  P .  incompleta the connective is scarcely produced, as is often the case in  P .  polyphylla. Conf. Hooker, 
111. Himal. Plants, pl. xxix. 
1 Linn. Trans. xiii. 211. 

* 

The inner margins of the anterior cells remain attached, as is usual. 

j- The amount of depression of the line of suture previous to dehiscence may vary slightly in the species. 
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leaf, and to the development of the lobes in some cases upon the under rather than the 
upper surface, I am not prepared at present to  enter upon any discussion. It seems 
probable that, in these respects, there may be many modifications of the prevailing 
structure. 

The circumstance that the anterior pollen-cells of anthers are generally slightly lower 
than the posterior ones*, and that anthers are so commonly introrse, conforms entirely 
to the view that anther-cells morphologically correspond to  thickenings of the paren- 
chyma of the metamorphosed leaf in a manner essentially the same as we find indicated 
in the abnormal Geranium. In reference to the margin of the stamina1 leaf', I ought to 
observe that, when I have been able satisfactorily to trace it down the outer thickened 
portion of the lamina in the Geranium, I have found it to  lose itself on the rounded outer 
surface of the exterior pollen-lobes, and not to become in any way coincident with the 
sutures; but this observation I have been unable to repeat easily, from the withered 
state of the specimens which were left me to examine in September. There has appeared 
to be some frequent, if not constant, connection between the inner or lower anther-lobes 
of the abnormal stamens and the lateral veins of the lamina, as is the case, I believe, 
with the thickened lobes at the base of the petals in the Barberry ; but upon the relation 
of the anther-cells to the vascular bundles of the stamens, I have nothing to suggest. 

* In some plants, e .  y., Loranthus europmus, the anterior cells are remarkably lower than the posterior. In this 
species the line of dehiscence is, in part, dong the junction of the anterior and posterior lobes, in part continued 
above the former, along the inner face of the connective (vide fig. 17, a to 6). 

EXPLANATION OF PLATE XLIV. 

Figs. 1 to 3. Yetaloid stamens, with marginal thickenings only. 
Figs. 4 to 13. Various stages intermediate between the above and nearly perfect stamens. 

Figs. 14 to 16. Transverse sections of anthers similar to those of figs. 11-13. 
Fig. 17. Anther of Loranthus europceus, front view. 
Fig. 18. Anther of Smilax, with cross sections of same. 

In  fig. 4 but 
one inner lobe is formed. 




